As the Department of Defense (DOD) develops new Survivability/Lethality and Vulnerability (SLV) analysis models, Ballistic Research Laboratory Computer-Aided Design (BRL-CAD) becomes an integral part in completing the task. BRL-CAD is very adaptable at creating new tools with little effort. These tools will assist us in continuing the development of Chemical Agent Deposition Analysis for Rotorcraft Surfaces (CADARS) by allowing the creation of a panelized surface model (PSM) with greater resolution. This PSM conversion methodology may also be utilized by others in the DOD community.
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The Boolean use that must be accommodated is the convention that regions must begin with a positive body. If an initial solid within a region is associated with the subtraction operator, the subtraction is ignored and the union operator is substituted.
Intersection. The intersection operation (+) combines two solids, saving only their
common value. Unusual shapes can be attained using this operator; it is commonly used to save a piece of a shell, as in a radar dish, or to use only a portion of a standard primitive in a component's definition. Intersection between two solids having no common points would be the null set, which is a region having no evaluation potential. 
Threat
While this conversion method is being used in several chemical agent challenge analyses, it is independent of threat. 
Theory for Supporting PSM Conversion
The first step in the conversion process is to modify the BRL-CAD target description to resemble the desired PSM. The most successful approach is modifying the BRL-CAD model to obtain the basic shape of the aircraft body with no openings to the interior and no holes through the body. CADARS does not calculate, at this time, any interior airflow, therefore all windows, doors, engine inlets, exhaust ducts, openings for the main rotor mast, and openings for the fan-infin must be closed. Exterior details such as antennae, landing gear and skids, and missile pylons should also be removed. Figure 3 interpolates between the specifkl centers and a distance increment. The code then linearly interpolates between the specified centers to produce a series of centers that are spaced at the specified distance increment. The user also specifies an angular increment of which to set the density of the rays fired around each circle. All the circles are oriented in the same direction (in parallel planes), user specified as the x, y, and z directions. This code is best applied to aircrafts with cylindrical-shaped bodies.
The g-shelLrect program begins by shooting rays in the y-direction on a uniformly spaced grid. Using this information, it then builds a crude shell. This shell is refined by using information obtained by shooting rays in the x and z directions. The user specifies the grid 5 spacing. The first shell created by this code will be two surfaces (consisting of the first and last ray intercepts) connected by straight lines in the y direction. The refining process adjusts the straight lines to more closely match the actual shape. This allows the process to consider recesses and subtle curvatures that the original raytracing in the y direction did not detect. The g-shellrect code is generally more robust than the g-shelLradial but will require more computational time. (See Figure 5 .)
The g-shellrect and g-shellradial should first be used to create the basic NMG shelL Any details added to the basic shell should be converted to NMGs separately using the same two tools. Details such as wings, pylons, horizontal stabilizers, and vertical stabilizers may be added in this manner. The question arises as to whether a part should be included with the main shell or added later as a detaiL Some guidelines include the following:
l If the size of the part is about the size of the grid spacing or has a thickness on the x or z direction that is of the same order, then it should be converted to an NMG separately.
Typically, the part may need to be rotated to get its largest presented area facing the y direction; then, the resulting NMG is rotated back to the original position. Any holes through the model should be fXled and created later. Any remaining holes in the y direction will be represented by holes from the inside surface that are the boundaries of the grid cells and will not be improved by the reftig rays. Any holes in the x or z direction will not appear.
After all the parts are converted to NMGs, they may be combined into a single BRL-CAD database file and made into a BRLAXD region using the Boolean operations previously mentioned. The union operator should be used to join the different pieces, and the subtraction operator should be used to create necessary holes. The region may then be converted to a single 6 NMG solid using the g-nmg code. This code converts BRL-CAD regions to NMGs by performing the prescribed Boolean operations from the region, resulting in a single facetted NMG shell. This shell can be converted to the required PSM format using the mug-sgp tool.
Implementation
The first attempt at the conversion process used a special operations aircraft (SOA). The 
Example
The most recent attempt used the CH-47F Chinook, a next generation CH-47D. Figure 5 portrays the BRL-CAD model of the Chinook, and Figure 9 depicts the converted CH-47F. This model, along with data supplied by VLSTRACK, was used to determine the chemical agent deposition on the aircraft.
Conclusion
As new evaluation models are developed, conversion of the BRL-CAD model becomes an integral part in completing the task. BRL-CAD is very adaptable in creating new tools with little effort. These innovative tools will aid in the development of CADARS by allowing the creation of a PSM with greater resolution. This PSM conversion method can also be utilized by the DOD community. A contractor at ITT Systems Corporation, AviDyne, has already benefited from this effort in performing blast loading on the Longbow Apache. 
